1 Enzymatically modified starches have been widely used in food applications to develop new 2 products but information regarding digestion and fecal fermentation of these products is sparse. 3
INTRODUCTION
Enzymes play important roles in many industrial applications, and can be considered processing 18 aids to improve food quality attributes. Enzymes are widely use in the cereal food industry 19 (reviewed in Rosell and Dura). 1 In these products, starch modification by enzymes provides 20 food ingredients that could not be produced by chemical or physical methods. 2 Various enzyme 21 modifications have been attempted to modify intrinsic properties of starch, increase water 22 holding capacity or heat resistant behavior, minimize syneresis, improve thickening, and to 23 achieve overall desired functionality of end products. 3 Hydrolases like α-amylases (AM) and 24 amyloglucosidases (AMG) have been extensively used as replacements of acid hydrolysis in the 25 production of starch hydrolysates. 4 Another attractive opportunity is the production of porous provide an insightful opportunity to study the function of the microbiota, i.e., to determine how 48 the microbiota utilize certain substrates, which is difficult to do in vivo in humans because of the 49 complexity of diets. 12 Furthermore, in vitro fermentations allow for quantitative measurement of 50 metabolites produced by the microbiota upon fermentation of specific substrates, 13-14 which have 51 importance in the health of the host. [15] [16] [17] [18] The most important end products of fermentation are 52 short chain fatty acid (SCFA), principally acetate, propionate, and butyrate, and branch chain 53 fatty acid (BCFA) that are then absorbed and metabolized by the host. SCFA are produced 54 mainly from carbohydrate fermentation and have health benefits, whereas BCFA are a result of 55 proteolytic fermentation and may have deleterious effects. 19 In vitro fermentation and SCFA 56 production have been useful to estimate the impact of dietary carbohydrates on human health. 20-57 23 However, while several studies have reported on the fermentation properties of resistant 58 starches, no studies have reported on the susceptibility of structurally modified starches to be 59 fermented by gut bacteria. 24 The objective of this research was to determine the impact of 75 Corn starch (10.0 g) was suspended in 50 mL of 20 mM sodium acetate buffer at pH 4.0 or in 76 sodium phosphate buffer at pH 6.0, for enzymatic modification with AMG or AM and CGTase, 77 respectively. 5,7 Enzymes (4 U of AMG/g starch, 5 U of AM/g starch or 0.32 U of CGTase/g 78 starch) were then added to the starch suspension and suspensions were kept in a shaking water 79 bath (50 rpm) at 50 ºC for 48 h. Water (50 mL) was then added to the suspensions and the 80 mixture was homogenized with a Polytron Ultraturrax homogenizer IKA-T18 (IKA Works, Inc.
Samples preparation

81
Wilmington, DE, USA) for 1 min at 14,000 rpm. Samples were centrifuged for 15 min at 82 7,000×g and 4 ºC. The starch pellets were washed twice with 50 mL of water and centrifuged 83 6 again using the same conditions. Supernatants were pooled and placed in a boiling water bath for 84 10 min to inactivate enzymes. 85 For each enzyme, two enzymatically treated corn starches were prepared, the washed 86 enzymatically treated corn starch (AMG-W; AM-W; CGT-W) and the other one containing the 87 hydrolysis products (AMG-NW; AM-NW; CGT-NW) that were added back to assess the role of 88 the water soluble hydrolysis products. Samples were freeze-dried and kept at 4 ºC for further 89 analyses.
90
Samples were also analyzed in the gelatinized (G) and non-gelatinized (NG) forms. To obtain 91 gelatinized samples, treated and untreated corn starch samples (10 g) were suspended in 40 mL 92 of distilled water and incubated 15 min at 100 ºC. Samples were then freeze-dried and kept at 4 93 ºC for further analyses. Native corn starch (N) was used as the control sample. Two batches were 94 prepared for each sample.
95
In vitro digestion 96 The digestion process consisted of a simulated gastric digestion followed by a small intestinal 97 phase ( Figure 1 ), according to the method described by Yang et al. 25 Briefly, samples (25 g) 98 were suspended in 300 mL distilled water. Eight mL of 1 M HCl was added to the sample to 99 reduce the pH to 2.5. Ten milliliters of l00 mg/mL freshly prepared pepsin (P-700; Sigma, St. were then added and samples were incubated in a shaking water hath at 37 °C for 6 h. Digested 107 contents were then poured into dialysis tubing (molecular weight cutoff 12,000-14,000) and 108 dialyzed for three days against distilled water with changing of the water every 2-3 h. The 109 retentate was then frozen (-20 °C) overnight and then freeze dried. Total starch content was 110 determined before and after the in vitro digestion following AACC approved method 76-13.01 111 16 using a kit (K-TSTA, Megazyme, Bray, Ireland). Digestion assays were run in triplicate.
112
In vitro fermentation 113 In vitro fecal fermentation was performed according to the method described by Arcila et al. 26 114 with minor modifications (Figure 1 ). In short, 15 mg of digested, freeze-dried material was 115 suspended in 1 mL of sterile fermentation medium consisting of (per liter) peptone (2 g, BP1420- Differences in the digestion of the starches were intensified after gelatinization ( Figure 2B ). showed that AMG action on the starch granules was greater than that induced by AM, 5 affecting 181 the crystalline structure, which in consequence favored the chain disentanglement during 182 gelatinization and its further hydrolysis by digestive enzymes. During starch modification, AMG was greatly active breaking the degree of association between 220 glucose molecules. Likewise, considering that AMG hydrolyses α,1-4 bond approximately 500 221 times faster than the α,1-6 linkage, 36 it would be right to suppose that the resulting AMG-treated 222 starches would have a highly branched structure and very accessible to fermentation due to its 223 perforated structure. 6 Its saccharifying activity resulted in more accessible structure for starch 224 digestion and more apparent starch available for fermentation. 37-38 Furthermore, AM and 225 CGTase were not as active as expected in hydrolyzing glucose linkages, leading less perforated 226 starch granules. These structural features could explain the higher production of SCFA due to 227 higher fermentable starch when modified with AMG.
228
The fermentation plots of BCFA released were significantly different for non-gelatinized and 229 gelatinized samples (Figure 4) , as indicated the statistical analysis ( Table 2 ). The release of 230 BCFA was rather low during the initial 12 hours of fermentation. Only at longer fermentation 231 time a significant amount of these fatty acids were detected, being higher when samples were 232 previously gelatinized (Figure 4) . Regarding the effect of enzymes, AMG treated and native 233 starch, in their non-gelatinized state, showed higher amounts of BCFA ( Figure 4A ). For 234 gelatinized samples ( Figure 4B ) at 24 h of fermentation, only a significantly high value was 235 found for the AMG treated starch. Again, results indicated higher metabolic activity in the 236 AMG-treated starches, which agrees with their highest hydrolyzed structure previously 237 mentioned. Moreover, its likely high branched structure would lead higher amount of BCFA.
238
In contrast to SCFA, BCFA have been associated with undesirable protein fermentation, leading 239 to many metabolites that are potentially toxic to the host and associated with carcinogenic effects 240 in the colon. 39 However, in batch in vitro fermentation systems such as that employed in this 241 study, high BCFA production can also result from higher total metabolic activity of the 242 microbiota. 22 Because AMG also resulted in high butyrate production, which arises from 243 13 carbohydrate fermentation and not protein fermentation, it appeared that the high BCFA arising 244 from the AMG-treated starch was due to higher metabolic activity and not due to lack of 245 carbohydrate substrate. 
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